ABSTRACT: This paper reviews the occurrence of cymothoid isopod parasitism in aquaculture, reports the first case of infection by a cymothoid isopod (Ceratothoa oestroides) in Turkish aquaculture, and analyses its effects on sea bass Dicentrarchus labrax. Analyses revealed that C. oestroides negatively affects the weights and lengths of sea bass hosts. These effects have been previously underestimated because host age has not been accounted for. The analysis of condition factors as a means of assessing parasite effects is therefore likely to be misleading. Infection of fish of all ages by all cymothoid stages indicates that sea bass are not intermediate hosts but that C. oestroides has effected a complete host shift.
INTRODUCTION
The culture of marine fish species in sea cages has been rapidly expanding for the past decade (Kent 2000) . Important fish species in this industry include Atlantic salmon, sea bass, sea bream, turbot, and, more recently, mullet and tuna. In the Mediterranean, the production of sea bass Dicentrarchus labrax and sea bream Sparus auratus has increased rapidly in the last decade. The Mediterranean sea bass industry has expanded from producing 315 metric tons in 1984 to 17 000 metric tons in 1995 (FAO 1997) , and finally to producing 47 000 metric tons in 2000, a 175% increase in the last 5 yr (Federation of European Aquaculture Producers, www.feap.org). Rapid increases such as these are linked with the appearance of a number of new host-parasite associations, which may result from hosts being reared in new geographic areas or from indigenous hosts being reared in different environmental conditions (Kent 2000) . Parasitism of cultured sea bass and Atlantic salmon by cymothoids is one such example.
Cymothoid isopod parasites have been studied for many years, and the more recent comprehensive works have related to cymothoid taxonomy (Brusca 1981 , Bruce 1986 , 1987a ,b, 1990 , Bruce & Bowman 1989 . However, there are relatively few ecological studies and those that have been published are based on small sample sizes and/or wild fish populations (e.g., Lanzing & O'Connor 1975 , Colorni et al. 1997 , Charfi-Cheikhrouha et al. 2000 . As a result little is known about the life histories of the hosts. The aquaculture system provides a setting in which potential host ages are known and large sample sizes of both parasitised and unparasitised hosts are readily available. Studies of cymothoid parasites in aquaculture systems can thus complement studies of cymothoids in wild fish and provide an opportunity to obtain critical information on the effects of these parasites on their hosts. This paper reports the first case of parasitism by a cymothoid isopod in Turkish sea bass farms and analyses the prevalences and effects of the parasites on sea bass hosts. As background to the study, a review of the history of cymothoid parasitism in aquaculture follows.
History of cymothoid parasitism in aquaculture
The first reports of cymothoid isopods in an aquaculture system were from sea bass Dicentrarchus labrax reared in Diana Pond in Corsica (Bragoni et al. 1983 (Bragoni et al. , 1984 . The cymothoid Nerocila orbignyi was found infecting and killing the cultured sea bass (family Moronidae). This species is an ectoparasite that attaches to the skin and fins of fish and normally infects fish of the family Mugilidae. Bragoni et al. (1983) reported a decrease in condition factor and a decrease in weight of parasitised compared with unparasitised fish. Bragoni et al. (1984) reported on the ecology of the host parasite relationship and noted periods of sea bass mortalities, some of which were attributable to N. orbignyi. Parasite prevalences reached 90% in wild mullets (Mugilidae) in August and these were considered the most likely source of the sea bass infection, due to their habit of feeding around the sea cages (Bragoni et al. 1984) . Subsequent reports of cymothoids in aquaculture include Ceratothoa gaudichaudii in salmon Salmo salar farms in Chile (Alvarado et al. 1990 , Roa 1992 , Inostroza et al. 1993 , Sievers et al. 1996 , Emetha audouini infecting sea bass farms in Greece (Papapanagiotou et al. 1999) , and Ceratothoa oestroides in sea bass farms in Croatia 2arušic 1999).
In Chilean salmon farms, studies were carried out to determine the effect of the parasite Ceratothoa gaudichaudii on the host fish. Significantly reduced weights were recorded in similarly aged hosts with more than 8 parasites compared with those harbouring 3 to 8 parasites and fewer than 3 parasites. The parasites have not been reported on wild or cultured Salmo salar in the northern hemisphere and in Chile are normally found infecting Trachurus murphyi, a fish that schools around the sea cages in the summer months (Sievers et al. 1996) .
In 1999, Papapanagiotou et al. (1999) reported Emetha audouini juveniles infecting and causing a cumulative mortality of 10.75% in 30 g sea bass. This parasite has never been reported infecting sea bass in the wild and is normally found infecting fish of the families Sparidae and Centracanthidae (Papapanagiotou et al. 1999 ).
An infection by Ceratothoa oestroides of sea bass and sea bream was recorded at a farm in Croatia 2arušic 1999). 2arušic states that the parasite could be found at any time of year in market sized sea bass but apparently not in market sized sea bream Sparus auratus. However, the juveniles infected fry of both fish species. The wild fish feeding around the cages were viewed to be the likely source of the infection, and wild bogue Boops boops were reported as carrying the parasite (2arušic 1999) . Mortalities of 10 to 20% were reported in both bass and bream fingerlings up to 10 g, and a 20% reduction in growth rate was noted in the adult fish (2arušic 1999) . Papoutsoglou et al. (1996) noted a single occurrence of a cymothoid isopod on a sea bass in 1991 at a fish farm in Greece. Although the appearance of a single isopod does not constitute a problem it is worth mentioning here.
None of these cymothoid species that have been reported in fish farms are known to parasitise wild sea bass, sea bream, or salmon and all are suspected to have been transferred to cultured fish from wild fish (Bragoni et al. 1983 , Sievers et al. 1996 , 2arušic 1999 , Papapanagiotou et al. 1999 .
Case study of cymothoid parasites in a Turkish sea bass farm
In 1999 cymothoid parasites were first observed in a sea bass fish farm in Turkey (T. Meyer pers. comm.). Their continued presence prompted the current investigation to determine the species causing the infections and to investigate the prevalence and effects of the cymothoid on sea bass hosts.
MATERIALS AND METHODS
The study was carried out at a sea bass Dicentrarchus labrax and sea bream Sparus auratus farm (Pınar Deniz Ürünleri) situated in the Aegean Sea near Çeşme. The farm has been on the site for 15 yr and is one of the oldest fish farms in Turkey.
Prevalences were determined in both July and September 2000 by sampling approximately 50 fish from each sea cage studied. In September the total length (in millimetres) and the weight (in grams) of each of the 50 fish per cage were measured. These data were used to analyse the effects of cymothoid parasitism on fish weights, lengths and condition factors. The latter have been used extensively as a means of assessing the health of fish and are calculated as follows:
where K is condition factor, W is weight in grams and L is length in centimetres.
Parasites were removed from all parasitised fish and placed in a labelled tube for later study. The number of parasites and their life stages were recorded.
Statistical analysis.
The effects of cymothoid parasitism on fish growth were analysed in several ways. First we conducted a non-linear regression analysis on parasitised and unparasitised fish of known age. This approach identifies the best regression model for the data and allows comparison of such models for different parasite loads. In particular we compared regressions of lengths with age for fish carrying 0, 1, and 2 or more parasites. We did not assess effects of manca larvae since they moult to juveniles within a few days of infecting fish hosts (Horton pers. obs.), a time period we deemed to be insufficient to greatly influence growth. Juveniles and adult males and females were not distinguished in the analyses. Our aim was to identify the total effect of parasitism on fish growth, rather than the effects of different life history stages. Identification of these effects would potentially be obscured by the sample sizes available and variation in host age within these samples.
We also conducted a nested ANOVA in order to assess the effects of parasite load, age of fish, and cage on fish lengths. This analysis allowed us to determine whether parasite load alone influences growth. In addition, as an illustrative example, we assessed the effects of parasitism on fish growth by 1-way ANOVA, by comparing the lengths and weights of parasitised and unparasitised fish of a known age. We chose the age group with the largest sample size for this analysis. Note that this involved pooling fish of the same age that were present in several cages. This approach provides specific illustration of the results of the non-linear regression modelling and nested ANOVA. The KolgomorovSmirnoff test for normality, and Bartlett's and Levene's tests for equality of variance were used before ANOVA.
Finally we assessed the relationships between fish age, fish length, exposure time, and prevalence (for the September samples) using Spearman rank-order correlations. Condition factors were compared using a Mann-Whitney U-test. Analyses were conducted using Minitab (release 13.1) and SAS (version 8.00).
RESULTS

Parasite species identification and analyses of prevalence
The main parasite species infecting sea bass at the site was identified as Ceratothoa oestroides (Trilles 1972 , Horton 2000 . Nerocila orbignyi was also found on 1 sea bass. C. oestroides infected sea bass of all ages (range of fish age 176 to 612 d) on the farm and all stages of development of the parasite were present (juveniles, males, non-ovigerous, and ovigerous females). This confirms that the parasite is not simply using the sea bass as an intermediate host but that a complete host shift has occurred. Infection levels of C. oestroides at the time of study were extensive. The prevalences ranged from 1 to 68% (mean ± SD 23.11 ± 16.71) in the 109 cages that were sampled in July and from 0 to 66% (13.51 ± 17.51) in the 53 cages sampled in September. Table 1 shows prevalences of cages containing the same fish stock that were sampled in both July and September. After arcsine transformation of the data, a paired t-test showed that there was no difference between the 2 sets of data (t = -0.51, df = 7, p = 0.624), indicating that over this 2 mo period prevalences remained the same.
Spearman rank-order correlations indicated (1) a very weak positive correlation between prevalence and age (r s = 0.391, df = 51, p < 0.05) (Fig. 1) ; (2) a very weak positive correlation between host mean length and prevalence (r s = 0.316, df = 48, p < 0.05) (Fig. 2) ; and (3) a very weak positive correlation between host exposure time (time in days in sea cages) and prevalence (r s = 0.367, df = 52, p < 0.05) (Fig. 3) . (50) 45 (38) 27 (50) 32 (50) 59 (50) 64 (50) 54 (43) 36 (50) 32 (50) 45 (42) 36 (46) 24 (48) 64 (42) 66 (50) 
Non-linear regression models
The growth curves obtained by non-linear regression of the log-lengths of fish versus fish age are shown in Fig. 4 . A suitable model to represent these relationships between length and age takes the form log e (length) = a + be -c(x -150) where x is age in days and a, b, and c are parameters of the model. Fig. 4 shows that the fits associated with different parasite loads (0, 1, and 2+) differ both from each other and from a fit of all the data plotted together (oneline). The difference between individual fits and a fit of all the data is highly significant at the p = 0.001 level (Table 2 ). This shows that the parasite load has a significant effect on length of the host. The most pronounced effect is seen in fish with 2 or more parasites (2+), where the growth is effectively slower.
ANOVA on parasitism and fish growth
A nested ANOVA (Table 3 ) revealed a significant effect of the factors parasite load, age, and cage(age) on length of fish hosts. The inclusion of the cage(age) effect enables the use of the cage(age) mean square value as an estimate of the random error between cages when comparing parasite load and age. This is because the experimental unit in this study is the cage and not the individual fish. A new F value was calculated using the cage adjusted means square value as the residual (i.e., F = parasite load adjusted mean squares divided by cage(age) adjusted mean squares). Parasite load still has a significant effect on length of the host fish when the cage effect is included (F 3,15 = 5.61, p < 0.01).
ANOVA revealed that parasitised fish (291 to 293 d old) were significantly lighter (by 20.1%) (F 1, 647 = (Fig. 6 ) than unparasitised fish.
Analysis of condition factors
A Mann-Whitney U-test indicated that the condition factors of parasitised fish were significantly higher than those of unparasitised fish (W = 1 072 041, p < 0.0001), suggesting they were heavier for their lengths than unparasitised fish.
DISCUSSION
Cymothoids in Turkey
This report of an infection of cultured sea bass with cymothoids is the first such record for Turkey. Both Ceratothoa oestroides and Nerocila orbignyi were found infecting the sea bass although only C. oestroides was causing a significant problem at the farm. Both of these species have been recorded infecting cultured sea bass in previous studies in different countries in the Mediterranean (Bragoni et al. 1983 (Bragoni et al. , 1984 (Bragoni et al. , 2arušic 1999 .
Prevalence of cymothoids and effects on sea bass
There was a wide range of prevalence within the farm, with the highest prevalence being 66%. Prevalences in previous reports from other farms have been recorded to reach 100% in some cases (Bragoni et al. 1983 , 1984 , Inostroza et al. 1993 , Sievers et al. 1996 . These high values occurred in the warmer months of the year. While the prevalences at the farm in this study may vary throughout the year, as has been seen in other studies (Bragoni et al. 1983 , 1984 , Inostroza et al. 1993 , Sievers et al. 1996 , there was no significant difference in prevalence between cages that were sampled in July and and those sampled in September. However, since these time periods are both during warmer months of the year, it is possible that prevalences vary seasonally.
The prevalences varied dramatically between cages of fish of similar ages. There appeared to be little relationship between prevalence and age of the hosts, mean lengths of hosts, or time of exposure to the infectious free-swimming juveniles. The differing prevalences could be due to genetic differences in the fish hosts themselves since not all fish come from the same broodstock source and it is possible that some fish have a genetic predisposition to infection and poor growth. The presence of other diseases within certain cages may also enhance susceptibility to infection by Ceratothoa oestroides. However, all fish appeared other- 5 . Mean weights (± 95% confidence intervals) for parasitised and unparasitised sea bass hosts of the same age Fig. 6 . Mean lengths (± 95% confidence intervals) for parasitised and unparasitised sea bass hosts of the same age wise healthy and there was no evidence of other diseases (T. Meyer pers. comm.). No further studies of other parasites and diseases were possible since the fish could not be killed. Alternatively the variation in prevalences between cages could be due to the positioning of the cages with respect to the prevailing current from offshore (where larger fish are caged) to onshore (where smaller fish are kept). This current could act as a source of free swimming infective juveniles from the older fish, which carry most of the ovigerous females (Horton unpubl.) , to the smaller fish in those cages most exposed to the current. The separation of older from younger fish is crucial in preventing reinfection within a fish farm due to the potential supply of infective juveniles in currents. This should be incorporated in any management strategy to control this disease. However, older farmed fish may not be the only source of the free-swimming juveniles. Ceratothoa oestroides has not been found infecting sea bass in the wild, and the disease on fish farms thus appears to be the result of a host shift reflecting the broad host specificity of the species. Since many feral fish congregate around aquaculture cages to feed on leftover food pellets, the infection is likely to have originated from release of larvae by passing fish. In particular the bogue Boops boops is commonly seen around and even inside the sea cages on the Turkish fish farm (Horton pers. obs.) and is one of the known hosts of C. oestroides (Trilles 1994 , Horton 2000 . 2arušic (1999) found C. oestroides infecting feral bogue around sea bass cages infected with the parasite.
Effects of Ceratothoa oestroides on
Dicentrarchus labrax
The pathogenic effect caused by the presence of cymothoid parasites appears, from results of both this study and those of others, to be more pronounced in those fish harbouring most parasites. This study found that the growth of fish harbouring 2 or more parasites is significantly slower than the growth of fish with 1 or no parasites in the buccal cavity. For the age group 291 to 293 d, we found a 14 g (20.1%) difference in the mean weights, and a 12.63 mm (7.1%) difference in the mean lengths of parasitised and unparasitised sea bass. Other authors have reported similar effects. Sievers et al. (1996) observed a 15% reduction in mean body weight in salmon hosts with > 8 parasites, relative to that of salmon hosts with 0 to 2 parasites. A reduction in growth by 20% was reported by 2arušic (1999), although there is no reference as to how this reduction was measured.
Condition factors and length-weight relationships have been used by various authors to quantify an effect of parasites on hosts. However, as cautioned by Williams & Bunkley-Williams (2000) and as illustrated by our results, condition factors are not a very sensitive measure of pathology caused by cymothoid parasites, and can even produce spurious results. Although we found a statistically significant difference in condition factors of parasitised and unparasitised fish, this difference suggested that the parasitised fish were heavier at a certain length than were the unparasitised hosts. Yet when age is taken into account it is clear that the parasitised fish are lighter than the unparasitised fish. Other studies of condition factors of fish with cymothoid infections have found the reverse (Bragoni et al. 1983 , Lanzing & O'Connor 1975 , while yet others have found no significant difference between condition factors of parasitised and unparasitised fish (Colorni et al. 1997 , Romestand & Trilles 1979 , Williams & BunkleyWilliams 2000 . This range of results further supports the unsuitability of condition factor analysis (Williams & Bunkley-Williams 2000) and confirms that inclusion of age is necessary to illustrate proportional stunting caused by isopod infection. Working with hosts of known ages (as is the case with cultured fish) overcomes this problem.
In addition to inhibition of growth, cymothoid induced mortalities have been reported on occasion. Mortalities have been recorded in younger fish in previous reports (2arušic 1999 , Bragoni et al. 1984 , Papapanagiotou et al. 1999 , Williams & Bunkley-Williams 2000 and have been noted on the farm in this study (T. Meyer pers. comm.). These mortalities often occur at a low level and are caused by the large numbers of infective juveniles that attach to small fish and feed voraciously before finding a final host (Bragoni et al. 1984 , Bunkley-Williams & Williams 1998 , 2arušic 1999 , Papapanagiotou et al. 1999 , Williams & BunkleyWilliams 1994 . This feeding can result in damage to or loss of the gill filaments, which can in turn lead to respiratory failure and death (2arušic 1999) .
Control of cymothoids
It is now clear that cymothoid isopods are causing a significant problem in aquaculture in both the Mediterranean Sea and Chile. The economic loss associated with reduced fish growth and mortality has yet to be quantified. Management strategies to control cymothoid infections have received little attention although some reports have mentioned control methods. To control an infection, simple management practices were applied to regulate infection of sea bass by juvenile cymothoids (Bragoni et al. 1984 , Papapanagiotou et al. 1999 . These included removal of dead and moribund fish, use of a fine meshed net, changing fouled nets, and moving the affected cages to open sea where stronger currents, lower temperatures, and greater depths are found. Sievers et al. (1995) evaluated the efficacy and toxicity of 8 insecticides for use in controlling Ceratothoa gaudichaudii on Salmo salar in Chile. They concluded that trichlorfon (300 ppm) and dichlorvos (3 ppm) were effective in removing 100% of parasites after 60 min exposures without toxicity to the fish hosts. Athanassopoulou et al. (2001) , in a study of deltamethrin treatments, concluded that 0.05 mg l -1 was sufficient to kill C. oestroides in sea bass within 2 h. However, as was noted by Papapanagiotou et al. (1999) , care should be taken in using such guidelines in the warmer waters of the Mediterranean, since no toxicity studies have been performed for the use of such chemicals on sea bass and sea bream. In addition, it is always advisable to assess the effects of chemicals on the local biota.
CONCLUSION
By studying very large numbers of infected and uninfected sea bass of known ages, we have provided the first strong evidence that cymothoid infections reduce the growth of fish hosts in an aquaculture system. Our results also clearly illustrate the importance of incorporating the age of fish hosts in any assessment of parasite effects. Thus, caution should be applied in interpretation of condition factor analysis. Since sea cages are stocked with fish of known ages they provide a convenient means of sampling large numbers of fish hosts in order to study the effects of parasites. However, we recognise that stocking fish at high densities may lead to stress that could both increase susceptibility to cymothoid infections and lead to an inhibition of host growth. It is unclear whether cymothoids produce similar effects on wild fish populations. Further study of the effects of these parasites in both farmed and wild fish populations is therefore required to understand the biology of cymothoid parasites and their effects.
